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SUBSECTION 701: CEMENT CONCRETE SIDEWALKS, PEDESTRIAN CURB RAMPS,
AND DRIVEWAYS
Replace this Subsection with the following:

INTERIM SUBSECTION 701: CEMENT CONCRETE SIDEWALKS,
PEDESTRIAN CURB RAMPS, AND DRIVEWAYS

DESCRIPTION
701.20: General

This work shall consist of the construction of cement concrete sidewalks, pedestrian curb ramps, and
driveways in accordance with the specifications and within the tolerances established on the plans.

MATERIALS
701.30: General

Materials shall meet the requirements specified in the following Subsections of Division III, Materials
except as noted herein:

Gravel Borrow, TYPE D.....iccei ittt et eebe e s M1.03.0
Cement Concrete (> 4,000 PS1)...vereeeuerriienieenieenieenitentesite e ste st eee et e e e eeeens M4.02.00
Preformed Expansion JOInt Filler............cooooieveveueievereeieceeeeeceeeeeteeeeee e M9.14.0M1

[ Preformed expansion joint filler shall conform to Subsection M9.14.0 or ASTM D8139.

The following best practices may be incorporated into the cement concrete mix design at no additional
cost to the Department as identified herein.

A. Combined Aggregate System.

The combined aggregate system for the mix design may be analyzed using the Tarantula Curve, Shilstone
Chart, fineness modulus, and coarse aggregate content to enhance the properties of the concrete.

1. Tarantula Curve.

The combined aggregate system for the mix design may be analyzed using the Tarantula Curve to
evaluate potential properties of the concrete, including workability, segregation, edge slumping, surface
finishing, and cohesion.
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Table 701.30-1: Tarantula Curve Particle Size Distribution
Sieve Percent by Mass Targets (%) Percent by Mass
Opening Passing Retained Retained (%)
1-1/2 in. 100 - - - -

1 in. 92 8 0-16 - -
3/4 in. 82 10 0-20 - -
1/2 in. 69 13 4-20 - -
3/8 in. 56 13 4-20 - -
No. 4 43 13 4-20 - -
No. 8 37 6 0-12 Coarse -
No. 16 31 6 0-12 23‘?20 -
No. 30 18 13 4-20 Fine
No. 50 5 13 4-20 Sand

No. 100 0 5 0-10 - 2434
No. 200 0 0 0-2 -

2. Shilstone Workability-Coarseness Chart.

The combined aggregate system for the mix design may be analyzed using the Shilstone Workability-
Coarseness Chart, to evaluate potential properties of the concrete, including workability.

Table 701.30-2: Shilstone Workability-Coarseness

Zone Property Cause
Zonel | Gap-graded; High potential for segregation during placement and Deficiency in intermediate
consolidation; Cracking, blistering, spalling, and scaling particles; Non-cohesive
Zone Il | Optimum mixture for nominal maximum aggregate size from 2 in. | Optimized workability factor
— Y4 in. and coarseness factor
Zone III | Optimum mixture for nominal maximum aggregate size < % in. Optimized workability factor
and coarseness factor
Zone IV | Sticky; High potential for segregation during consolidation and Excessive fines
finishing; Variable strength, high shrinkage, cracking, curling,
spalling, and scaling
Zone V | Rocky; Lacking plasticity Excessive amount of coarse

and intermediate aggregate
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Figure 701.30-1: Shilstone Workability-Coarseness Chart
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Coarseness Factor!?

11 The workability factor is determined by the equation WF = W + (C - 564) / 38, where WF = workability factor, W
= percent passing No. 8 sieve and C = total cementitious materials content.

(21 The coarseness factor is determined by the equation CF = (Q/R) / 100, where CF = coarseness factor, Q =
cumulative percent retained on 3/8 in. sieve and R = cumulative percent retained on No. 8 sieve.

3. Fineness Modulus.

The combined aggregate system for the mix design may be analyzed using the fineness modulus, to
evaluate potential properties of the concrete, including the fineness or coarseness of the mix design and
estimating the design proportions of fine and coarse aggregates. The coarseness of the mix design
increases as the fineness modulus increasers. The fineness modulus is determined by calculating the total
cumulative percentages by mass retained on each designated sieve and dividing by 100.

4. Coarse Aggregate Content.

The combined aggregate system for the mix design may be analyzed using the coarse aggregate content.
The coarse aggregate content is determined by calculating the total cumulative percentages by mass
retained on the No. 4 sieve.

B. Paste System.

The quality of the paste system is determined by the water-cementitious ratio, air content, cementitious
materials, and chemical admixtures incorporated into the mix design.

1. Water-Cementitious Ratio.

The water-cementitious ratio for the mix design may be analyzed to evaluate potential properties of the
concrete, including strength, concrete and reinforcement bonding, and resistance to freezing, thawing, de-
icing, sulfate reaction, corrosion of steel reinforcement, drying shrinkage, cracking, and
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volume change from wetting and drying. The water-cementitious ratio is determined by calculating the
total water content by mass and dividing by the total cement and supplementary cementitious material
(SCM) content by mass. The recommended water-cementitious ratio design target is identified in Table
701.30-3. The water-cementitious ratio shall be less than or equal to 0.45.

Table 701.30-3: Freezing, Thawing, and De-icing Resistance

Exposure | Severity Condition Water-Cementitious Ratio
Class Requirement
F3 Very Exposed to freezing and thawing cycles and <045

Severe accumulation of snow, ice, and de-icing chemicals;
Frequent exposure to water

2. Air Content.

The air content for the mix design may be analyzed to evaluate potential properties of the concrete,
including strength and resistance to freezing, thawing, de-icing, and sulfate reaction. The recommended
air content design targets are identified in Table 701.30-4.

Table 701.30-4: Freezing, Thawing, and De-icing Resistance

Exposure Severity Condition Nominal Air Content
Class Maximum Target
Aggregate Size | Recommendation
(in.) (“o)
F3 Very Severe | Exposed to freezing and thawing 3/8 7.5

cycles and accumulation of snow,

. . . 1/2 7.0

ice, and de-icing chemicals;

Frequent exposure to water 3/4 7.0

1 6.5

1172 6.5

3. Cement and Supplementary Cementitious Materials Content.

The cement and supplementary cementitious materials content incorporated into the mix design shall
promote quality properties of the cement concrete, including resistance to alkali silica reaction, freezing,
thawing, de-icing, and sulfate reaction. Incorporation of supplementary cementitious materials (SCM) in
cement concrete may affect workmanship properties, including workability, bleed rate, setting time, and
other properties. Adequate adjustments in Contractor workmanship practices, including placement,
finishing, curing, and other construction practices shall be required to account for these changes in
properties and to prevent scaling due to freezing, thawing, and de-icing cycles. The cement and
supplementary cementitious materials content shall meet the design criteria identified in Table 701.30-5.
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Table 701.30-5: Alkali Silica Reaction and Freezing, Thawing, and De-icing Resistance!"!’!

Exposure | Severity Condition Material Replacement
Class by Weight of
Cement (%)

F3 Very Exposed to freezing | Low Alkali Cement (< 0.60% Alkalinity) -

Severe | and thawing cycles

i [3] _
and accumulation of Blended Hydraulic Cement

snow, ice, and de- Fly Ash (Class F) 15-30

icing chemicals;

Frequent exposure to Slag (Grade 100 or 120) 25-50

water Silica Fume 5-10
Total SCM <50
Total Fly Ash and Silica Fume <35

(17 Acceptable replacement by weight of cement for alkali silica reaction resistance shall be determined by the alkali
silica reaction resistance performance test results and the criteria identified in Table 701.73-1: Minimum Acceptance
Sampling and Testing Requirements.

2] Test results meeting the alkali silica reaction resistance performance criteria of Table 701.30-6: Alternative
Performance Evaluation to Alkali Silica Reaction Resistance Design Criteria may supersede the replacement by
weight of cement design criteria.

31 SCMs in blended hydraulic cement shall meet the criteria identified for fly ash, slag, and silica fume.

Table 701.30-6: Alternative Performance Evaluation to Alkali Silica Reaction Resistance Design

Criteria
Method Quality Characteristic Criteria
C295 Petrographic Examination for Potential -

Alkali Aggregate Reactive Constituents and
Deleterious Materials in Aggregate!!]

Optically Strained, Microfractured or <5.0

Microcrystalline Quartz (%)

Chert or Chalcedony (%) <3.0

Trydimite or Cristobalite (%) <1.0

Opal (%) <0.5

Natural Volcanic Glass (%) <3.0
T 380 Alkali Silica Reaction Resistance: <0.030!

Expansion of Miniature Concrete Prisms at

56 days (%)

[l Examination of aggregate shall be performed and reported to identify and quantify potential alkali-aggregate reactive
constituents and deleterious materials in aggregate, as defined in ASTM C294 Standard Descriptive Nomenclature for
Constituents of Concrete Aggregates and ASTM C295 Standard Guide for Petrographic Examination of Aggregates for
Concrete.

(21 56-day expansion results greater than 0.03 but less than or equal to 0.04 shall be considered non-reactive if the
average two-week rate of expansion from day 56 to day 84 is less than or equal to 0.01%, otherwise, expansion
results shall be considered reactive.
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4. Chemical Admixtures.

Chemical admixtures may be incorporated into the mix design to enhance the properties of the concrete.

Table 701.30-7: Chemical Admixtures

Spec. Type Chemical Admixture Properties
M 194 A Water-Reducing Increases Workability and Air Content;
Decreases Water Demand (5 — 10%, 3 — 6 in.
Slump)
B Retarding Increases Initial and Final Setting Time, Air

Content, Long-Term Strength; Offsetting of
Accelerating Effect of Hot Weather;
Decreases Early-Age Strength

C Accelerating Increases Early-Age Strength; Decreases
Initial and Final Setting Time

Water-Reducing and Retarding | Type A and Type B Admixture Properties

E Water-Reducing and Type A and Type C Admixture Properties
Accelerating
F High Range Water-Reducing Increases Workability (More Effective than

Type A), Air Content, Early-Age Strength,
and Ultimate Strength; Decreases Water
Demand (12 — 40%, > 6 in. Slump) and
Permeability

G High Range Water-Reducing Type F and Type B Admixture Properties
and Retarding

S-SRA | Shrinkage Reducing Increases Setting Time; Decreases Drying
Shrinkage Cracking and Bleed Rate

S-CRA | Crack Reducing Decreases Cracking (More Effective than
SRAs) and Crack Width

M 154 AEA Air-Entraining Increases Cohesion, Workability,
Stabilization of Air Bubbles, Resistance to
Freezing, Thawing, and De-icing, Resistance
to Alkali-Reactive Environment, and
Resistance to Sulfate Reaction

M 1941 | MRWRA | Mid Range Water-Reducing Type A and Type F Admixture Properties;
Increases Workability (Especially Concrete
with SCMs); Decreases Water Demand (6 —
12 %, 5 — 8 in. Slump)

C1622 CWA Cold Weather Increases Hydration Rate; Decreases Freezing
Point of Mixing Water

11 Mid range water-reducing admixtures (MRWRA) may meet either water-reducing (A) or high range water-
reducing (F) admixture criteria.
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5. Paste Content.

The paste content for the mix design may be optimized to enhance potential properties of the concrete,
including workability, strength, permeability, and resistance to drying shrinkage and cracking and volume
change from wetting and drying. The volume of paste should adequately fill the voids and provide
sufficient separation between the aggregate particles to promote workability and effective bonding of
particles.

Table 701.30-8: Paste Content

Mix Design Characteristic Recommendation
Volume of Cement Concrete (cf)['] 27
Paste Content (%)! <2801
Paste Content to Aggregate Void Content Ratiol* 1.25-1.75

Excess Volume of Paste for Workability (%) -

['1 The volume of cement concrete is determined by the following equation, where W = Weight (Ibs.), SG = Specific
Gravity, D = Density (pcf), and V = Volume (cf).

VCEMENT = Wecement / SGeement * Dwater

Vscm = Wsem / SGsem * Dwater

V ADMIXTURE = VapmixTure in 0z. / 957.5 oz. per cf

VwATER = VwaTER In gal. /7.48 gal. per cf

VCOARSE = Wcoarse / SGcoarse * Dwater

VEINE = WENe / SGrine * Dwater

VCONCRETE = VceMment + Vsem + VapmixTure + Vwater + Veoarse + VEINE + Valr

(21 The paste content by volume of cement concrete is determined by the following equation, where V = Volume (cf)
and PC = Paste Content (%).

Vraste = VceMment + Vsem + Vabmixture + Vwater
PCconcreTE = Vpaste / VCONCRETE

B3] The cracking tendency of structural concrete is significantly reduced when the paste content by volume is less
than or equal to 28 percent.

[l The paste content to aggregate void content ratio is determined by the following equation, where D = Density
(pcf), SG = Specific Gravity, BD = Bulk Density (pcf), VC = Void Content (%), V = Volume (cf), AVC =
Aggregate Void Content (%), PC = Paste Content (%), and R = Ratio. Workability increases as the paste content to
aggregate void content ratio increases. Decreased paste content to aggregate void content ratios will result in
decreased workability, where water-reducing admixtures provide no benefit.

VCcoarsk = SGcoarst * Dwater — BDcoarse / Dcoarse

VCrine = SGrme * Dwater — BDring / DriNg

VCAGGREGATE =[(Vcoarse / (Vcoarse + Ving)) * VCcoarse + (Ve / (Vcoarse + Ving)) * VCrine]
AVCconcrete = [VCacareGate * (Vcoarse T VENg) / VconcreTE)]

00713 -9



P I¥massDO

Massachusetts Department of Transportation

Massachusetts Department Of Transportation Highway Division Highway Division

Proposal No. 605311-128035

Rpc.ave = PCconcreTE / AVCCONCRETE

[51 The excess paste content for workability is determined by the following equation, where PC = Paste Content (%),
AC = Air Content (%), AVC = Aggregate Void Content (%), and EPC = Excess Paste Content for Workability (%).

EPCconcreTE = PCconcreTE + ACconcreTE — AVCCONCRETE
C. Initial Curing Materials.

The materials and procedures used for initial curing methods of cement concrete shall meet the
Manufacturer’s instructions and recommendations and the requirements specified herein.

Cement concrete with a low to negligible bleeding rate, exposure to highly evaporative environments,
high content of silica fume, fine cement, or other fine cementitious material, low water to cementitious
ratio, high air content, or water-reducing admixtures have an increased susceptibility to surface drying
and plastic shrinkage between placement and finishing operations. Initial curing materials and procedures
shall be applied immediately after the bleed water sheen has disappeared from the surface of the concrete
or the concrete surface exhibits loss of moisture and surface drying, between placement and finishing
operations. Initial curing materials shall not be worked into the surface in subsequent finishing
operations.

1. Liquid-Applied Evaporation Reducers.

Liquid-applied evaporation reducers used for initial curing methods shall produce an effective
monomolecular film over the bleed water layer, to reduce the rate of evaporation of the bleed water from
the surface and plastic shrinkage when the evaporation rate equals or exceeds the bleeding rate.

D. Intermediate Curing Materials.

The materials and procedures used for intermediate curing methods of cement concrete shall meet the
Manufacturer’s instructions and recommendations and the requirements specified herein.

In instances where finishing operations have been completed prior to the concrete achieving final set and
the concrete surface exhibits loss of moisture and surface drying, the following curing materials and
procedures shall be applied immediately to the concrete surface prior to the application of final curing
materials, to prevent the loss of moisture without damaging the concrete surface, until final set of the
concrete has been achieved and final curing materials have been applied to the concrete surface.

e 701.30.C.1: Liquid-Applied Evaporation Reducers
e 701.30.E.3.a: Liquid Membrane-Forming Compounds for Curing
e 701.30.E.3.b: Liquid Membrane-Forming Compounds for Curing and Sealing

E. Final Curing Materials.

The materials and procedures used for final curing methods of cement concrete shall meet the
Manufacturer’s instructions and recommendations and the requirements specified herein.

Curing water shall be free of deleterious impurities, causing staining and deterioration. The potential
staining ability of curing water shall be evaluated by means of CRD-C401 (US Army Corps
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of Engineers 1975) for instances where curing water quality is questioned. Curing water shall not exceed
a temperature differential of more than 20°F from the internal concrete temperature, to prevent cracking
due to temperature gradients causing strain that exceeds the strain capacity of concrete. Curing water
shall remain above freezing temperatures throughout the duration of the curing cycle.

Final curing materials and procedures shall be applied to the concrete surface immediately after
application of initial and intermediate curing materials, finishing operations, and final set of cement
concrete, to prevent the loss of moisture and surface drying.

Materials used for final curing methods of cement concrete shall accommodate all exposed cement
concrete surfaces with a continuous application of moisture throughout the entire duration of the final
curing method cycle and provide controlled and gradual termination of the final curing method cycle.

Final curing materials applied to the concrete shall allow the concrete to mature sufficiently to achieve its
designed and desired properties, including strength, volume stability, permeability, durability, and
resistance to freezing, thawing, and de-icing cycles. Insufficient application of final curing materials
results in decreased strength and durability of the top surface of concrete.

Protection to the concrete surface and curing materials shall be required in instances where adverse
weather conditions are present, until curing operations can be initiated without damaging the surface of
the concrete.

Final curing materials and procedures shall be applied to the concrete surface throughout the entire
duration of the curing cycle and meet minimum sustained temperature, duration, and strength
requirements, as specified in applicable Division II: Construction Details and herein. Controlled and
gradual termination of the final curing method cycle shall begin only after all specified conditions are
met, until the concrete gradually cools to within 20°F of the ambient temperature.

1. Saturated Covers.

Saturated covers used for final curing methods shall meet AASHTO M 182, Class 3. Saturated covers
shall be in good condition, free from holes, tears, or other defects that would render it unsuitable for
curing cement concrete and cementitious materials. Saturated covers shall be dried to prevent mildew
when storing. Prior to application, saturated covers shall be thoroughly rinsed in water and free of
harmful substances that are deleterious or cause discoloration to cement concrete and cementitious
materials. Saturated covers shall have sufficient thickness and proper positioning onto the surface to
maximize moisture retention. Saturated covers shall contain a sufficient amount of moisture to prevent
moisture loss from the surface of cement concrete and cementitious materials. Saturated covers shall
have the ability to retain sufficient moisture from continuous watering so that a film of water remains on
the surface of cement concrete and cementitious materials throughout the entire duration of the final
curing method cycle. Saturated covers shall not absorb water from cement concrete and cementitious
materials. Polyethylene film may be applied over the saturated cover to limit the amount of continuous
watering required for sufficient moisture retainage. Saturated covers shall accommodate uniform and
slow drying of cement concrete and cementitious materials surfaces immediately prior to removal.
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2. Sheet Materials.

Sheet materials, including polyethylene film, white burlap-polyethylene sheeting, and reinforced paper,
used for final curing methods shall meet ASTM C171 and the requirements specified herein. Sheet
materials shall inhibit moisture loss and reduce temperature rise in concrete exposed to radiation from the
sun during the final curing method cycle. Adjoining covers shall overlap not less than 12 inches. All
edges of the sheet materials shall be secured to maintain a moist environment.

a. Polyethylene Film.

Polyethylene film shall be clear, white, or black in color and consist of a single sheet manufactured from
polyethylene resins, be free of visible defects, including tears, wrinkles, and discontinuity. The film shall
prohibit mottling and uneven spots from appearing on the surface of concrete, due to variations in
temperature, moisture content, or both. Application of additional curing water under the film or
application of a polyethylene film bonded to absorbent fabric to the concrete surface may be required to
prevent mottling and to retain and evenly distribute the moisture. Polyethylene film shall accommodate
concrete surfaces with constant contact without damage. The film shall be sufficient in length to extend
beyond the edges of the concrete surface. Edges of adjacent polyethylene film shall overlap a minimum
of 6 inches and be tightly sealed with the use of sand, wood planks, pressure-sensitive tape, mastic, or
glue to maintain close contact with the concrete surface, retain moisture, and prevent the formation of air
pockets throughout the entire duration of the final curing method cycle.

i. White Polyethylene Film.

White polyethylene film shall minimize heat gain caused by absorption of solar radiation and shall be
exclusively used during warm weather applications.

ii. Clear and Black Polyethylene Films.

Clear and black polyethylene films shall inhibit absorption of solar radiation for cold weather
applications.

b. White Burlap-Polyethylene Sheeting.

White burlap-polyethylene sheeting shall be securely bonded to the burlap so to avoid separation of the
materials during handling and curing of the concrete.

¢. Reinforced Impervious Paper.

Reinforced impervious paper shall be white in color, consist of two sheets of kraft paper cemented
together with a bituminous adhesive, and reinforced with embedded cords or strands of fiber running in
both directions. Reinforced impervious paper shall be free of holes, tears, and pin holes from
deterioration of the paper through repeated use. Reinforced impervious paper shall be treated to prevent
tearing when wetted and dried. Reuse of reinforced impervious paper shall be permitted so long as it is
able to retain moisture on the surface of concrete. The paper shall be discarded and prohibited from use
when moisture is no longer retained in the material.

3. Liquid Membrane-Forming Compounds.

Compounds shall form a continuous, non-yellowing, and durable film with quality moisture-retention
properties. Compounds shall maintain the relative humidity of the concrete surface
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above 80% for seven days to sustain cement hydration. Compounds shall not affect the original color of
the concrete surface. Compounds shall not degrade due to exposure to ultraviolet light from direct
sunlight. Compounds shall meet the local and federal allowable Volatile Organic Compound (VOC)
content limits.

White-pigmented compounds shall be used in instances where solar-heat gain is concern to the concrete
surface. White-pigmented compounds shall be agitated in the container prior to application to prevent
pigment from settling out resulting in non-uniform overage and ineffective curing.

Careful considerations shall be made by the Contractor to determine if the evaporation rate is exceeding
the rate of bleeding, thus causing the surface to appear dry even though bleeding is still occurring. To
diagnose and prevent this condition, the Contractor may place a transparent plastic sheet over a test area
of the uncured and unfinished concrete surface and shall determine if any bleed water accumulates under
the plastic. Under such conditions, the application of liquid membrane-forming compounds to the
concrete surface shall be delayed to prevent bleed water from being sealed below the concrete surface,
map cracking of the membrane films, reduction in moisture-retention capability, and the need for
reapplication of the compound.

Prior to use, compounds shall be thoroughly mixed, stirred, and agitated per the Manufacturer’s
instructions and recommendations.

Compounds shall be applied continuously and uniformly to the surface of the concrete per the
Manufacturer’s instructions and recommendations. Compounds shall be applied immediately after the
disappearance of the surface water sheen following final finishing. Applicating of the compound
immediately after final finishing and before all free water on the surface has evaporated will help prevent
the formation of cracks. When using compounds to reduce moisture loss from formed surfaces, the
exposed surface shall be wetted immediately after form removal and kept moist until the curing
compound is applied. The concrete shall be allowed to reach a uniformly damp appearance with no free
water on the surface, and then application of the compound shall begin at once. Delayed application will
result in surface drying, absorption of the compound into the concrete, and no forming of a continuous
membrane.

The concrete surface shall be damp when the compound is applied. Power-driven spray equipment shall
be used for uniform application of compounds on large paving projects. Spray nozzles recommended by
the compound Manufacturer and use of windshields shall be arranged by the Contractor to prevent wind-
blown loss of compound and to ensure proper coverage application rates are achieved. The compound
shall be applied by power sprayer, using appropriate wands and nozzles with pressures between 25 and
100 psi. The Contractor shall fill the power sprayer with curing compound from the Manufacturer’s
original container in the presence of the Engineer. Any dilution as recommended by the Manufacturer
shall take place in the presence of the Engineer. For very small areas such as repairs, the compound shall
be applied with a wide, soft-bristled brush or paint roller.

The Contractor shall verify the application rate and procedures are in accordance with the Manufacturer’s
instructions and recommendations. At least one uniform coat shall be applied at a rate of 150 to 200
ft2/gallon. On very deeply textured surfaces, the surface area to be treated shall be at least twice the
surface area of the surface. In such cases, two separate applications may be needed, each at 200
ft2/gallon or greater if specified by the Manufacturer to achieve the desired
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moisture retention rate, with the first being allowed to become tacky before the second is applied. If two
coats are necessary to ensure complete coverage, for effective protection the second coat should be
applied at right angles to the first. Complete coverage of the surface shall be attained due to the potential
for formation of small pinholes in the membrane, which will result in loss of moisture from the concrete.
Compounds shall not sag, run off peaks, or collect in grooves.

Compounds and procedures shall be compatible with concrete surfaces receiving subsequent applications
or placements of concrete, overlays, coatings, paints, sealers, finishes or other toppings to ensure
acceptable bonding to the concrete. Testing to establish compatibility among the curing compound,
subsequent surface treatments, concrete moisture content and the actual finished surface texture of the
concrete shall be conducted when compatibility is not known. The compound Manufacturer shall be
consulted by the Contractor to determine the compatibility of the application. Compounds shall not be
applied to concrete surfaces where bonding of subsequent applications or placements is incompatible or is
of concern. The use of wax-based curing compounds shall be prohibited in instances where concrete
surfaces are subject to additional toppings and vehicular, pedestrian, or other traffic. Deliberate removal
of compounds in the presence of the Engineer and in accordance with Manufacturer’s instructions and
recommendations shall be conducted as an alternative to compatibility testing, incompatibility, or in
instances where bonding is of concern. Bonding of subsequent materials may still be inhibited by the
presence of the compound even after the moisture retention characteristics of the compound have
diminished.

a. Liquid Membrane-Forming Compounds for Curing.

Liquid membrane-forming compounds for curing shall meet ASTM C309, the Manufacturer’s
instructions and recommendations, and the requirements specified herein.

Table 701.30-1: Types of Compounds for Curing

Type Description
Type 1 Clear or translucent without dye
Type 1-D Clear or translucent with fugitive dye
Type 2 White pigmented

Table 701.30-2: Composition Class of Compounds for Curing
Type Description

Class A Unrestricted composition, generally
wax-based products

Class B ASTM D883 resin-based products
b. Liquid Membrane-Forming Compounds for Curing and Sealing.

Liquid membrane-forming compounds for curing and sealing shall meet ASTM C 1315, the
Manufacturer’s instructions and recommendations, and the requirements specified herein.

In addition to moisture-retention capabilities compounds shall exhibit specific properties, including alkali
resistance, acid resistance, adhesion-promoting quality, and resistance to degradation by ultraviolet light.
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Table 701.30-3: Types of Compounds for Curing and Sealing

Type Description
Type I Clear or translucent
Type 11 White pigmented

Table 701.30-4: Class of Compounds for Curing and Sealing
Type Description

Class A Non-yellowing

F. Protective Sealing Compounds.

Protective sealing compounds shall maintain valid listing on the Department Qualified Construction
Materials List (QCML) and meet AASHTO M 224, NCHRP Report 244 and the requirements specified
herein.

Protective sealing compounds shall sufficiently penetrate the concrete to seal the surface pores and fill the
capillaries of the concrete by chemically reacting with the concrete and forming a hydrophobic layer.
Protective sealing compounds shall limit the penetration of liquids, gases, and harmful substances into
hardened concrete, including water, de-icing agents, and carbon dioxide to protect concrete from freezing,
thawing, and de-icing cycles, corrosion of reinforcing steel, and acid attack. Protective sealing
compounds shall limit the buildup of vapor pressure between the concrete and the applied sealer.
Protective sealing compounds shall retard the penetration of harmful substances into hardened concrete.
Protective sealing compounds shall maintain their protective properties during environmental exposure to
freezing, thawing, and de-icing cycles. Protective sealing compounds shall not reduce the frictional
properties of the concrete. Protective sealing compounds shall not affect the original color of the concrete
surface if maintaining the original color is desired by the Department. Protective sealers shall meet the
local and federal allowable Volatile Organic Compound (VOC) content limits.

Curing methods conforming to Department specifications shall be applied to the concrete prior to the
application of protective sealers. Protective sealers shall not be applied to the concrete for a minimum of
28 days after placement and the surface shall be sufficiently prepared, clean, and dry for at least 24 hours
with ambient temperatures exceeding 60°F. Protective sealers shall not be applied to concrete placed
where freezing, thawing, and de-icing cycles are expected immediately after, due to the retainage of water
in the concrete. Periodic re-application shall be required for protective penetrants requiring multiple
applications and for concrete surfaces exhibiting wear to ensure long-term protection of the concrete
surface.

G. Cold Weather Concreting Materials.

Cold weather concreting shall be defined as the procedures, operations, materials, and equipment required
for the mixing, delivery, placement, finishing, curing, and protection of concrete during cold weather
conditions, while exposed to air temperatures falling below, or expected to fall below 40°F.

The protection period shall be defined as the minimum duration required to prevent concrete from the
negative effects of cold weather exposure. The protection period shall remain in place while
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cold weather conditions exist. Controlled and gradual termination of the protection period shall be
conducted only after 100% f’c is attained and all specified conditions are met.

The procedures, operations, materials, and equipment selected for cold weather concreting shall
adequately maintain specified temperature ranges by addressing all variables, including ambient weather
conditions, geometry of the structure, and mix design proportions. Concrete temperatures for cold
weather concreting shall meet Table 701.30-5.

Table 701.30-5: Concrete Temperature Requirements for Cold Weather Concreting

Phase Cold Weather Concrete
Temperature Temperature
(°F) (°F)
Mixing 30-39 60-75
0-30 65-80
<0 70-85
Placement <40 55-75
Protection Period <40 55-75
Termination of Protection Period — <40 <50

Allowable Rate of Decrease in 24 Hours

Cold weather concreting procedures, operations, materials, and equipment shall be developed and
performed to prevent damage to concrete due to freezing at early ages, to ensure that the concrete
develops the recommended strength for safe removal of forms, to maintain curing conditions that promote
quality strength and durability development, to limit rapid temperature fluctuation, and to provide
protection consistent with intended serviceability of the structure. The Contractor shall develop and
submit to the Department for review and approval, cold weather concreting procedures for the mixing,
delivery, placement, finishing, curing, and protection of concrete during cold weather, including:

e Procedures for protecting the subgrade from frost and the accumulation of ice or snow on
reinforcement or forms prior to placement

e Methods and requirements for cold weather protection and temperature control of constituent
materials incorporated into the mix design

e Chemical admixtures incorporated into the mix design for cold weather protection and
temperature control

e Methods and requirements for cold weather protection and temperature control during mixing,
delivery, placement, finishing, curing, and protection period

e Curing methods to be used during and following the protection period

e Types of covering, insulation, heating, or enclosures to be provided

e Methods for verification of in-place strength

e Procedures for measuring and recording concrete temperatures

e Procedures for preventing drying during dry, windy conditions

All procedures, operations, materials, and equipment required for adequate protection and curing shall be
present and ready for use prior to concrete production.
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1. Insulating Materials.

Insulating materials used for cold weather concreting shall meet the requirements specified herein. The
thermal resistance of the proposed insulation system shall be determined to meet the concrete temperature
range requirements specified herein. Supplemental heat, including hydronic heating systems, shall be
applied in instances where insulating materials cannot achieve the concrete temperature requirements.

2. Heaters.

Heaters used for cold weather concreting including direct fired, indirect fired, and hydronic heaters shall
meet ANSI A10.10 carbon monoxide limits, safety regulations for ventilation, and the stability, operation,
fueling, and maintenance of heaters and the requirements specified herein.

a. Direct Fired Heaters.

Direct fired heaters generate heat to an enclosed space through the combustion of fossil fuels, including
oil, kerosene, propane, gasoline, and natural gas. Hot air comprised of carbon dioxide and carbon
monoxide combustion products, is discharged into the enclosed space. Direct fired heaters shall be
prohibited from heating the air directly surrounding the concrete surface due to calcium carbonate
formation interfering with the hydration reaction, from the reaction between the carbon dioxide generated
from the combustion of fossil fuels and the calcium hydroxide on the surface of freshly placed concrete,
resulting in a soft, chalky, and nondurable concrete surface. Direct fired heaters shall only be used on
concrete surfaces protected from fossil fuel combustion products.

b. Indirect Fired Heaters.

Indirect fired heaters generate heat to an enclosed space through the combustion of fossil fuels, including
oil, kerosene, propane, gasoline, and natural gas. The carbon dioxide and carbon monoxide combustion
products are expelled through venting, resulting in clean heated air discharged into the enclosed space.
Indirect fired heaters are suitable for heating the air directly surrounding the concrete surface.

¢. Hydronic Heaters.

Hydronic heaters generate heat to an enclosed space through the circulation of the heat-transfer fluid in a
closed system of pipes or hoses. The heat-transfer fluid is comprised of a propylene glycol water solution
and is heated through the combustion of fossil fuels, including diesel fuel and kerosene. The combustion
of fossil fuel occurs outside of the enclosed space and does not expose the concrete surface to the
deleterious effects of carbon dioxide.

After the concrete placement achieves final set, polyethylene film or other suitable material shall
sufficiently serve as a vapor barrier. The heat-transfer hoses shall be placed on top of the vapor barrier
and covered with insulating materials meeting 701.30.G.1. Hydronic heaters shall be used to thaw or
preheat subgrades prior to concrete placement and provide supplementary heat to insulating materials.
Hydronic heaters shall provide an even distribution of heat to prevent curling and cracking induced by
temperature gradients within concrete.
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3. Enclosures.

Enclosures shall be made of wood, canvas tarpaulins, polyethylene film, or prefabricated rigid plastic.
Enclosures shall be airtight, block wind, prevent admittance of cold air, conserve heat, and withstand
wind and snow loads. Enclosures shall provide adequate headroom for craftsmen and sufficient space
between the concrete and the enclosure to permit free circulation of warm air. Supplementary heat shall
be supplied to enclosures by hydronic heaters, live steam, hot forced air, or indirect fired combustion
heaters. Icing along the perimeter of the enclosure shall be prevented when live steam is utilized. Heaters
and ducts shall be positioned to prevent the hot, dry air from overheating or drying the concrete surface.
Insulating materials meeting 701.30.G.1 shall be applied as a vapor barrier to the concrete surface
immediate after final set is attained.

H. Hot Weather Concreting Materials.

Hot weather concreting shall be defined as the procedures, operations, materials, and equipment required
for the mixing, delivery, placement, finishing, bleed water evaporation, curing, and protection of concrete
during hot weather conditions, while exposed to air temperatures exceeding, or expected to exceed 80°F;
concrete temperatures approaching, or expected to approach 90°F; evaporation rates of surface water
approaching, or expected to approach the bleeding rate of the concrete; high solar radiation; low relative
humidity; and high wind speed.

The protection period shall be defined as the minimum duration required to prevent concrete from the
negative effects of hot weather exposure, including the acceleration of rate of moisture loss and rate of
cement hydration, difficulties in curing, increased concrete temperature, increased water demand,
accelerated slump loss, increased rate of setting, increased tendency for plastic shrinkage and thermal
cracking, increased potential for cold joints, and difficulties in controlling entrained air content. The
protection period shall remain in place while hot weather conditions exist. Controlled and gradual
termination of the protection period shall be conducted when conditions permit. The allowable rate of
temperature decrease shall not exceed 5°F per hour and meet the allowable rate of temperature decrease
specified in 701.30.G: Cold Weather Concreting Materials.

The procedures, operations, materials, and equipment selected for hot weather concreting shall adequately
maintain specified temperature ranges and evaporation rates by addressing all variables, including
ambient weather conditions, geometry of the structure, and mix design proportions. Initial materials
meeting 701.30.C: Initial Curing Materials shall be applied to the concrete surface while the concrete and
air temperatures, relative humidity of the air, and the wind speed have the capacity to evaporate free water
from the fresh concrete surface at a rate that is equal to or greater than bleeding rate of the concrete. The
evaporation rate of surface water shall be determined by the following equation:

E=(T&5—1* T25)(1 + 0.4V) x 10

where E = evaporation rate of water-covered surface (Ib/ft*hr), T. = concrete temperature of the
evaporating surface (°F), r = relative humidity of air surrounding the evaporating surface (%), Ta =
temperature of the air surrounding the evaporative surface (°F), and V = average wind speed 20 inches
above the evaporating surface. The air surrounding the evaporating surface shall be defined as the air
approximately 4 to 6 feet above the evaporating surface on the windward side and shielded from the sun’s
rays.
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Hot weather concreting procedures, operations, materials, and equipment shall be developed and
performed to prevent damage to concrete and promote long-term durability. The Contractor shall develop
and submit to the Department for review and approval, hot weather concreting procedures for the mixing,
delivery, placement, finishing, curing, and protection of concrete during hot weather, including:

e Procedures for preparing the subgrade prior to placement

e Methods and requirements for hot weather protection and temperature control of constituent
materials incorporated into the mix design

e Chemical admixtures incorporated into the mix design for hot weather protection and temperature
control

e Methods and requirements for hot weather protection and temperature control during mixing,
delivery, placement, finishing, curing, and protection period

e Initial curing methods to be used to reduce surface evaporation

e Curing methods to be used during and following the protection period

e Types of covering, insulation, cooling, or enclosures to be provided

e Evaporation rate and bleeding rate of concrete calculations

e Procedures for measuring and recording concrete temperatures

e Procedures for preventing drying during dry, windy conditions

All procedures, operations, materials, and equipment required for adequate protection and curing shall be
present and ready for use prior to concrete production.

CONSTRUCTION METHODS
701.40: Pre-Placement
A. Excavation.
Excavation of the area shall be in accordance with the applicable portions of Subsection 120: Excavation.
B. Subgrade and Subbase.

The subgrade for the sidewalks and driveways shall be shaped parallel to the proposed surface of the
sidewalks and driveways and thoroughly compacted. All depressions in the subgrade shall be filled with
suitable material and again compacted until the surface is smooth and hard. Prior to the placement of the
subbase, the Contractor shall inspect the prepared subgrade to ensure that it is in conformance with the
required grade and cross-section. Subgrade shall be fine graded to meet the applicable requirements of
Subsection 170: Grading.

After the subgrade has been prepared, a gravel subbase shall be placed upon it. After being compacted
thoroughly, the subbase shall be at least 8 inches thick and parallel to the proposed surface of the
sidewalk. Prior to the placement of the cement concrete, the Contractor shall inspect the prepared subbase
material to ensure that it is in conformance with the required grade and cross-section. Subbase material
that is not in accordance with the plans or specifications shall be reworked or replaced to meet the
applicable requirements of Subsection 170: Grading before the start of cement concrete placement. When
placing cement concrete, the compacted subbase shall not be frozen or have standing water.
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C. Forms.

Side forms and transverse forms shall be smooth, free from warp, of sufficient strength to resist springing
out of shape, of a depth to conform to the thickness of the proposed sidewalk or pedestrian curb ramp and
of a type satisfactory to the Engineer.

All mortar or dirt from previously used forms shall be completely removed prior to use. The forms shall
be well staked and thoroughly graded and set to the established lines with their upper edge conforming to
the grade of the finished sidewalk or pedestrian curb ramp which shall have sufficient pitch to the
roadside edge to provide for surface drainage.

All pedestrian curb ramp joints and transition sections which define grade changes shall be formed staked
and checked for dimension, grade and slope conformance prior to placing cement concrete.

All forms shall be oiled before placing concrete.
701.41: Placement

The concrete shall be placed in alternate slabs 30 ft long except as otherwise ordered. The slabs shall be
separated by transverse preformed expansion joint filler %2 in. thick.

Preformed expansion joint filler shall be placed adjacent to or around existing structures as directed.

Detectable warning panels conforming to the plans shall be securely incorporated into the work by means
acceptable to the Engineer.

On the foundation as specified above, the concrete shall be placed in such quantity that after being
thoroughly consolidated in place it shall be 4 in. deep. At driveways, the sidewalks shall be 6 in. deep.

In conveying the concrete from the place of mixing to the place of deposit, the operation shall be
conducted in such a manner that no mortar will be lost, and the concrete shall be so handled that the
concrete will be of uniform composition throughout, showing neither excess nor lack of mortar in any one
place.

The surface of all concrete sidewalks shall be uniformly scored into block units of areas not more than 36
ft>. The depth of the scoring shall be at least }4 in. deep and no more than % in. wide.

701.42: Initial Curing

In instances where the bleed water sheen has disappeared from the surface of the concrete or the concrete
surface exhibits loss of moisture and surface drying between placement and finishing operations, the
Contractor shall apply one of the following initial curing materials and procedures meeting 701.30.C:
Initial Curing Materials until finishing operations occur.

e  701.30.C.1: Liquid-Applied Evaporation Reducers

Initial curing materials shall not be worked into the surface in subsequent finishing operations.
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701.43: Finishing

The finishing of concrete surface shall be done by experienced and competent cement finishers. No
finishing operation shall be performed while free water is present. Finishing operations shall be delayed
until all bleed water and water sheen has left the surface and the concrete has started to stiffen. After
water sheen has disappeared, edging operations, where required, shall be completed. After edging and
joining operations, the surface shall be floated. Magnesium floats shall be used for all finishing
operations. If necessary tooled joints and edges shall be rerun before and after floating to maintain
uniformity. After floating, the surface shall be brushed by drawing a soft-bristled push broom with a long
handle over the surface of the concrete to produce a nonslip surface.

701.44: Intermediate Curing

In instances where finishing operations have been completed prior to the concrete achieving final set and
the concrete surface exhibits loss of moisture and surface drying, the Contractor shall apply one of the
following intermediate curing materials and procedures meeting 701.30.D: Intermediate Curing Materials
immediately to the concrete surface prior to the application of final curing materials, to prevent the loss of
moisture without damaging the concrete surface, until final set of the concrete has been achieved and final
curing materials have been applied to the concrete surface.

e 701.30.C.1: Liquid-Applied Evaporation Reducers
e 701.30.E.3.a: Liquid Membrane-Forming Compounds for Curing
e 701.30.E.3.b: Liquid Membrane-Forming Compounds for Curing and Sealing

701.45: Final Curing

The Contractor shall apply one of the following final curing materials and procedures meeting 701.30.E:
Final Curing Materials to the concrete surface immediately after application of initial and intermediate
curing materials, finishing operations, and final set of cement concrete, to prevent the loss of moisture and
surface drying.

e 701.30.E.1: Saturated Covers

e 701.30.E.2: Sheet Materials

e 701.30.E.3.a: Liquid Membrane-Forming Compounds for Curing

e 701.30.E.3.b: Liquid Membrane-Forming Compounds for Curing and Sealing

The Contractor shall apply final curing materials and procedures to the concrete surface throughout the
entire duration of the curing cycle and meet minimum sustained temperature, duration, and strength
requirements, as specified in in Table 701.45-1. Controlled and gradual termination of the curing cycle
shall begin after all specified conditions are met.

Table 701.45-1: Termination of Curing Cycle

Sustained Concrete Final Curing Cycle Compressive
Temperature Duration Strength!!!
50°F <°F <90°F > Seven (7) days >70% ¢

[l Compressive strength cylinders for termination of curing cycle shall be cast and field cured with the same
environmental conditions that the sidewalk is subjected to throughout the entire duration of the final curing cycle,
per 701.73: Acceptance Sampling and Testing.
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701.46: Protective Sealing

The Contractor shall apply sealing materials and procedures meeting 701.30.F: Protective Sealing
Compounds only if one or more of the following final curing materials and procedures were applied:

e 701.30.E.1: Saturated Covers
e 701.30.E.2: Sheet Materials
e 701.30.E.3.a: Liquid Membrane-Forming Compounds for Curing

Protective sealing compounds shall not be applied to concrete surfaces applied with a final curing
material and procedure meeting 701.30.E.3.b: Liquid Membrane-Forming Compounds for Curing and
Sealing.

701.47: Cold Weather Concreting

The Contractor shall conduct cold weather concreting procedures, operations, materials, and equipment
required for the mixing, delivery, placement, finishing, curing, and protection of concrete, while surfaces
are exposed to air temperatures falling below, or expected to fall below 40°F in accordance with
701.30.G: Cold Weather Concreting Materials. All procedures, operations, materials, and equipment
required for adequate protection and curing shall be present and ready for use prior to concrete
production.

701.48: Hot Weather Concreting

The Contractor shall conduct hot weather concreting procedures, operations, materials, and equipment
required for the mixing, delivery, placement, finishing, curing, and protection of concrete, while surfaces
are exposed to air temperatures exceeding, or expected to exceed 80°F; concrete temperatures
approaching, or expected to approach 90°F; evaporation rates of surface water approaching, or expected
to approach the bleeding rate of the concrete; high solar radiation; low relative humidity; and high wind
speed in accordance with 701.30.H: Hot Weather Concreting Materials. All procedures, operations,
materials, and equipment required for adequate protection and curing shall be present and ready for use
prior to concrete production

CONTRACTOR QUALITY CONTROL
701.60: General

The Contractor shall provide adequate Quality Control (QC) to ensure that all materials and workmanship
conform with the specification requirements. The Contractor shall perform QC activities as outlined
further below.

701.61: Contractor Quality Control Plan

The Contractor shall provide and maintain a Quality Control Plan (QC Plan). The QC Plan should
sufficiently document the QC processes of all Contractor parties (i.e. Prime Contractor, Subcontractors,
Producers) performing work required under this specification.
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701.62: Production Personnel
A. Foreman.

A foreman shall be present throughout the entire duration of the construction operation with at least one
of the following personnel certifications.

e NRMCA Concrete Exterior Finisher Certification
e ACI Concrete Flatwork Technician and Flatwork Finisher

The foreman is responsible for the oversight of the construction operation per the requirements specified
in Table 701.62-1.

Table 701.62-1: Minimum Foreman Activities

Operation | Foreman Activity

Oversight One (1) Review and compare batch ticket quantities and sources to approved mix design

Monitors conformance to AASHTO M 157 Standard Specification for Ready-Mixed
Concrete

Monitors conformance to Department specifications

Monitors Production Personnel activities

Verifies proper equipment is on hand prior to start of construction

Monitors equipment, environmental conditions, materials, and workmanship
Prohibits the use of prohibited equipment and practices

Acknowledges sampling, testing, and inspection results

B. Operators.

Concrete sidewalk shall be constructed by sufficiently staffed, trained, experienced, and qualified
equipment operators and craftsmen, who are presently involved in sidewalk construction, throughout the
entire duration of the construction operation, per the requirements specified in Table 701.62-2.
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Table 701.62-2: Minimum Operator Activities

Operation Operators!!! Activity
701.40: Two (2) Apply sufficient base compaction
Pre-Placement Moisten sub-base, free of standing water
Secure forms, straight and level
Mark expansion locations
Prohibited Practices: Placement on frozen sub-grade
701.41: Two (2) Direct concrete trucks
Placement Handle chute discharge and truck movement
(Concrete
Discharging) Assist in preparing concrete for testing
Direct trucks to washout area
Provide general help
Prohibited Practices: Adding constituent materials not in conformance with
AASHTO M 157 or without Department consent
701.41: Two (2) Localize placement to minimize moving material
Placement Level concrete in front of the screed
Operate come-alongs or flat headed shovel to move concrete in form
Consolidate concrete along form edge to avoid honeycombing
Operate screed over top of forms in sawing action for surface leveling
Operate magnesium bull float to push coarse aggregate below the surface and
fill in the low spots or depressions
Prohibited Practices: Toothed raking, dragging of internal vibrator, and internal
vibrator to move concrete; steel troweling or floating
701.42: Apply an initial curing material and procedure per 701.42

Initial Curing

701.43:
Finishing

One (1)
Two (2)

701.30.C.1: Liquid-Applied Evaporation Reducers

Permit bleed water to dissipate and concrete to set

Operate a hose drag or squeegee to remove water from the surface
Check surface for flatness, fill/cut as necessary

Finish surface with magnesium float

Apply pulled broom finish at proper time to acceptable texture
Clean broom when excessive mortar adheres

Remove excess water from broom before use

Finish edges and joints

Finish well formed, properly spaced joints to sufficient depth

Prohibited Practices: Steel troweling or floating; adding water to the surface;
excessive working of surface; pushing broom across surface

[l Recommended number of operators.
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Table 701.62-2: Minimum Operator Activities (Continued)

Operation Operators!!! Activity
701.44: If applicable, apply an intermediate curing material and procedure per 701.44
Int(z:rmgdiate One (1) 701.30.C.1: Liquid-Applied Evaporation Reducers
uring

One (1) 701.30.E.3.a: Liquid Membrane-Forming Compounds
One (1) 701.30.E.3.b: Liquid Membrane-Forming Compounds for Curing and Sealing
701.45: Apply a final curing material and procedure meeting 701.45
Final Curing Four (4) 701.30.E.1: Saturated Covers
Four (4) 701.30.E.2: Sheet Materials
One (1) 701.30.E.3.a: Liquid Membrane-Forming Compounds
One (1) 701.30.E.3.b: Liquid Membrane-Forming Compounds for Curing and Sealing

701.46: One (1) If applicable, apply a protective sealing material and procedure per 701.46
Protective
Sealing
701.47: Four (4) If applicable, apply cold weather concreting materials and procedures per
Cold Weather 701.47 and the Department approved Contractor cold weather concreting plan
Concreting
701.48: Four (4) If applicable, apply hot weather concreting materials and procedures per 701.48
Hot Weather and the Department approved Contractor hot weather concreting plan
Concreting

[l Recommended number of operators.
701.63: Quality Control Inspection

Quality Control inspection shall be performed and reported on inspection report forms by qualified
Quality Control Technicians, to confirm conformance to specifications and to visually inspect equipment,
environmental conditions, materials, and workmanship. Quality Control Technicians shall obtain at least
one of the following personnel certifications.

o NRMCA Concrete Exterior Finisher Certification
o ACI Concrete Flatwork Technician and Flatwork Finisher

Quality Control inspection report forms shall be completed by the Contractor and submitted to the
Department for review.

DEPARTMENT ACCEPTANCE
701.70: General

Acceptance shall be performed by the Department, including consultants under direct contract with the
Department independent of the Contractor, to evaluate the degree of compliance with contract
requirements, to monitor each Contractor entity’s Quality Control activities, to determine the
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corresponding value for a given product, and to determine the acceptability of all material produced and
placed.

701.71: Acceptance of Contractor Quality Control Plan

The Department will review the Contractor Quality Control Plan. Department approval shall be subject to
conformance with the requirements specified herein.

701.72: Acceptance Inspection

Acceptance inspection will be performed and reported by qualified Department (or designee) Acceptance
Technicians, to confirm conformance to specifications and to visually inspect equipment, environmental
conditions, materials, and workmanship.

701.73: Acceptance Sampling and Testing

Acceptance sampling and testing will be performed and reported by qualified Department (or designee)
Acceptance Technicians, to provide quality characteristic data used for Department Acceptance
determination, per the requirements specified herein.
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Table 701.73-1: Minimum Acceptance Sampling and Testing Requirements

Property Method Quality Sublot | Minimum Point of Criteria
Characteristic Size Test Sampling
Frequency
Uniformity T119 Slump Allowable 100 cy | 1 per Sublot Point of Target+ 1.5
Tolerance (in.)! Discharge
Workability T119 Segregation 100 cy | 1 per Sublot Point of Pass
Resistance!?! Discharge
Thermal T 309 Concrete Temperature | 100 cy | 1 per Sublot Point of 50-90
(°F) Discharge
Strength T22 Compressive Strength | 100 cy | 1 per Sublot Point of >70% £
at 7 Days for Curing Discharge
Termination (psi)P!
Compressive Strength | 100 cy | 1 per Sublot Point of >100% f°¢
at 28 Days (psi)! Discharge
Compressive Strength | 100 cy | 1 per Sublot Point of >100% f°¢
at 56 Days (psi)BI#] Discharge
Durability T 121 Freezing and Thawing | 100 cy | 1 per Sublot Point of 55-8.5
T 152 Resistance: Air Discharge
0,
T 196 Content (%)
T 303 or | Alkali Silica Reaction - 1 per - <0.08
C1567 Resistance: Expansion Annual Mix
at 14 Days (%) Design
Submission
Cycle

[ Test result and the Producer’s mix design target shall be within the specified allowable tolerances. Slump shall
be reported on the Producer’s mix design batch ticket for each delivery.

(2] Testing for segregation resistance shall be performed while the concrete is being discharged and during AASHTO
T 119 Standard Method of Test for Slump of Hydraulic Cement Concrete. Visual signs of segregation include
coarse particles advancing in front of or behind the fine particles and mortar and a tendency for coarse aggregate to
separate from the mortar, particularly when the mixture is being consolidated.

B3] Three (3) 4 x 8 in. compressive strength cylinders shall be cast and tested for each age per sublot.

4] Testing only required if compressive strength results at 28 days do not conform with specifications.
COMPENSATION
701.80: Method of Measurement
Cement Concrete Sidewalks, Pedestrian Curb Ramps, and Driveways will be measured in square yards.

Excavation will be measured by the cubic yard as specified in 120.80: Method of Measurement.
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Gravel Borrow will be measured by the cubic yard as specified in 150.80: Method of Measurement.

Fine grading and compacting will be measured by the square yard as specified in 170.88: Method of
Measurement.

701.81: Basis of Payment

Cement Concrete Sidewalk, Cement Concrete Pedestrian Curb Ramp, and Cement Concrete Driveway
will be paid for at the contract unit price per square yard complete in place, including detectable warning
panels and all incidental materials, labor, and equipment necessary to complete the work to the
satisfaction of the Engineer.

Gravel will be paid for at the contract unit price per cubic yard under Item 151: Gravel Borrow.

Fine grading and compacting will be paid for at the contract unit price per square yard under Item 170:
Fine Grading and Compacting — Subgrade Areas.

Excavation will be paid for at the contract unit price per cubic yard under the excavation items.

701.82: Payment Items

701. Cement Concrete SIdeWalK........c..oeovieiiieiiieeiie et Square Yard
701.1 Cement Concrete Sidewalk DIiveWays ......ccccccvevveveeriienienieniesee e Square Yard
701.2 Cement Concrete Pedestrian Curb Ramp ........ccooceevvevienieniinieiieeiee, Square Yard
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GUIDE TO THE INTERIM SUBSECTION 701 CEMENT CONCRETE SIDEWALK

SPECIFICATION
MATERIALS ACTIVITIES
Section Activity
701.30.A Combined Aggregate System
The mix design’s combined aggregate system should meet Table
701.30.A.1 | 701.30-1: Tarantula Curve Particle Size Distribution. Recommendation
The mix design’s combined aggregate system should meet Table
701.30.A.2 | 701.30-2 / Figure 701.30-1: Shilstone Workability-Coarseness. Recommendation
The mix design’s combined aggregate system should be analyzed
701.30.A.3 | using the Fineness Modulus. Recommendation
The mix design’s combined aggregate system should be analyzed
701.30.A.4 | using the Coarse Aggregate Content. Recommendation
701.30.B Paste System
The mix design’s Water-Cementitious Ratio should be < 0.40 (Table
701.30.B.1 | 701.30-3: Freezing, Thawing, and De-icing Resistance). Recommendation
The mix design’s Water-Cementitious Ratio shall be < 0.45 (Table
701.30.B.1 | 701.30-3: Freezing, Thawing, and De-icing Resistance). Required
The mix design’s Air Content should approach the recommended
Air Content Targets identified in Table 701.30-4: Freezing,
701.30.B.2 | Thawing, and De-icing Resistance. Recommendation
The mix design’s Cement and Supplementary Cementitious
Materials (SCM) Content shall meet Table 701.30-5: Alkali Silica
Reaction and Freezing, Thawing, and De-icing Resistance
701.30.B.3 | requirements. Requirement
Test results meeting Table 701.30-6: Alternative Performance
Evaluation to Alkali Silica Reaction Resistance requirements may
be used in lieu of the mix design requirements identified in Table
701.30-5: Alkali Silica Reaction and Freezing, Thawing, and De-
701.30.B.3 | icing Resistance requirements. Optional
The mix design should incorporate Chemical Admixtures identified
in Table 701.30-7: Chemical Admixtures to enhance the properties
701.30.B.4 | of the concrete. Recommendation
The mix design’s Paste Content should approach the recommended
701.30.B.5 | targets identified in Table 701.30-8: Paste Content. Recommendation
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701.73 | Acceptance Sampling and Testing
The Slump shall meet Table 701.71-1: Minimum Acceptance
Sampling and Testing Requirements (* 1.5 from Slump Target
T119 identified by the Concrete Producer on the Batch Ticket). Requirement
The Segregation Resistance shall meet Table 701.71-1: Minimum
T119 Acceptance Sampling and Testing Requirements. Requirement
The Concrete Temperature shall meet Table 701.71-1: Minimum
T 309 Acceptance Sampling and Testing Requirements. Requirement
The Compressive Strength (7, 28, and 56 days) shall meet Table
701.71-1: Minimum Acceptance Sampling and Testing
T 22 Requirements. Requirement
T121
T 152 The Air Content shall meet Table 701.71-1: Minimum Acceptance
T 196 Sampling and Testing Requirements (5.5 - 8.5%). Requirement
The resistance to Alkali Silica Reaction shall meet Table 701.71-1:
T303 or | Minimum Acceptance Sampling and Testing Requirements (One
C1567 per year for mix design verification). Requirement
CONTRACTOR ACTIVITIES
Section Activity
701.40 Pre-Placement
The Contractor should have a minimum of two (2) Operators. Recommendation
The Contractor shall apply sufficient base compaction. Requirement
The Contractor shall moisten sub-base, free of standing water. Requirement
The Contractor shall secure forms, straight and level. Requirement
The Contractor shall mark expansion locations. Requirement
The Contractor shall be prohibited from performing the following
practices: Placement on frozen sub-grade. Requirement
701.41 Placement (Concrete Discharging)
The Contractor should have a minimum of two (2) Operators. Recommendation
The Contractor shall direct concrete trucks. Requirement
The Contractor shall handle chute discharge and truck movement. Requirement
The Contractor shall assist in preparing concrete for testing. Requirement
The Contractor shall direct trucks to washout area. Requirement
The Contractor shall provide general help. Requirement
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The Contractor / Concrete Producer shall be prohibited from Requirement
performing the following practices: Adding constituent materials
not in conformance with AASHTO M 157 or without Department
consent.

701.41 Placement

The Contractor should have a minimum of two (2) Operators. Recommendation
The Contractor shall localize placement to minimize moving Requirement
material.

The Contractor shall level concrete in front of the screed. Requirement

The Contractor shall operate come-alongs or flat headed shovel to Requirement

move concrete in form.

The Contractor shall consolidate concrete along form edge to avoid Requirement
honeycombing.

The Contractor shall operate screed over top of forms in sawing Requirement
action for surface leveling.

The Contractor shall operate magnesium bull float to push coarse Requirement
aggregate below the surface and fill in the low spots or depressions.

The Contractor shall be prohibited from performing the following Requirement
practices: Toothed raking, dragging of internal vibrator, and internal
vibrator to move concrete; steel troweling or floating.

701.42 | Initial Curing (When Applicable)

The Contractor should have a minimum of one (1) Operator. Recommendation

The Contractor shall apply 701.30.C.1: Liquid-Applied Evaporation Required when

Reducers when applicable. applicable
701.43 Finishing
The Contractor should have a minimum of two (2) Operators. Recommendation

The Contractor shall permit bleed water to dissipate and concrete to | Requirement
set.

The Contractor shall operate a hose drag or squeegee to remove Requirement
water from the surface.

The Contractor shall check surface for flatness, fill/cut as necessary. | Requirement

The Contractor shall finish surface with magnesium float. Requirement

The Contractor shall apply pulled broom finish at proper time to Requirement
acceptable texture.

The Contractor shall clean broom when excessive mortar adheres. Requirement

The Contractor shall remove excess water from broom before use. Requirement

00713 - 31




Massachusetts Department Of Transportation

PYmassDO

Massachusetts Department of Transportation
Highway Division

Proposal No. 605311-128035

Highway Division

701.44

701.45

701.46

701.47

The Contractor shall finish edges and joints.

The Contractor shall finish well formed, properly spaced joints to
sufficient depth.

The Contractor shall be prohibited from performing the following
practices: Steel troweling or floating; adding water to the surface;
excessive working of surface; pushing broom across surface.

Requirement

Requirement

Requirement

Intermediate Curing (When Applicable, Apply One of the

Methods)

The Contractor should have a minimum of one (1) Operator.

The Contractor shall apply 701.30.C.1: Liquid-Applied Evaporation
Reducers when applicable and if selected.

The Contractor shall apply 701.30.E.3.a: Liquid Membrane-Forming
Compounds when applicable and if selected.

The Contractor shall apply 701.30.E.3.b: Liquid Membrane-Forming
Compounds for Curing and Sealing when applicable and if selected.

Final Curing (Apply One of the Methods)

The Contractor should meet the minimum number of operators
identified in Table 701.62-2: Minimum Operator Activities.

The Contractor shall apply 701.30.E.1: Saturated Covers if selected.
The Contractor shall apply 701.30.E.2: Sheet Materials if selected.

The Contractor shall apply 701.30.E.3.a: Liquid Membrane-Forming
Compounds if selected.

The Contractor shall apply 701.30.E.3.b: Liquid Membrane-Forming
Compounds for Curing and Sealing if selected.

Protective Sealing (If Required)
The Contractor should have a minimum of one (1) Operator.

The Contractor shall apply 701.30.F: Protective Sealing Compounds
at least 28 days after placement. Application of 701.30.F: Protective
Sealing Compounds is NOT REQUIRED IF 701.30.E.3.b: Liquid
Membrane-Forming Compounds for Curing and Sealing was
applied.

Cold Weather Concreting (When Applicable)
The Contractor should have a minimum of four (4) Operators.

The Contractor shall submit a Cold Weather Concreting Plan meeting
701.47.

Recommendation

Required when
applicable

Required when
applicable

Required when
applicable

Recommendation
Requirement
Requirement

Requirement

Requirement

Recommendation

Required if
701.30.E.3.b
Curing and
Sealing
Compound was
Not Applied

Recommendation

Required when
applicable
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The Contractor shall apply cold weather concreting materials and

Required when

procedures meeting 701.47 and the Department approved applicable
Contractor cold weather concreting plan.

701.48 Hot Weather Concreting (When Applicable)
The Contractor should have a minimum of four (4) Operators. Recommendation
The Contractor shall submit a Hot Weather Concreting Plan meeting | Required when
701.48. applicable
The Contractor shall apply hot weather concreting materials and Required when
procedures meeting 701.47 and the Department approved applicable
Contractor hot weather concreting plan.

701.61 Contractor Quality Control Plan
The Contractor shall prepare and submit a Quality Control Plan (QC | Requirement
Plan) to the Department for review.

701.62 Production Personnel

701.62.A | Foreman
The Contractor shall have a minimum of One (1) Foreman. Requirement
A Foreman shall be present throughout the entire duration of the Requirement
construction operation with at least one of the following personnel
certifications.

e NRMCA Concrete Exterior Finisher Certification
e ACI Concrete Flatwork Technician and Flatwork Finisher

The Contractor’s Foreman shall review and compare batch ticket Requirement
quantities and sources to approved mix design.
The Contractor’s Foreman shall monitor conformance to AASHTOM | Requirement
157 Standard Specification for Ready-Mixed Concrete.
The Contractor’s Foreman shall monitor conformance to Department | Requirement
specifications.
The Contractor’s Foreman shall monitor Production Personnel Requirement
activities.
The Contractor’s Foreman shall verify that proper equipment is on Requirement
hand prior to start of construction.
The Contractor’s Foreman shall monitors equipment, environmental | Requirement
conditions, materials, and workmanship.
The Contractor’s Foreman shall prohibit the use of prohibited Requirement
equipment and practices.
The Contractor’s Foreman shall acknowledge sampling, testing, and | Requirement

inspection results.
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701.62.B

Operators

701.63

Concrete sidewalk shall be constructed by sufficiently staffed, Requirement
trained, experienced, and qualified equipment operators and

craftsmen, who are presently involved in sidewalk construction,

throughout the entire duration of the construction operation, per the

requirements specified in Sections 701.40 to 701.48.

Quality Control Inspection

Quality Control inspection shall be performed and reported on Requirement
inspection report forms by qualified Quality Control Technicians, to

confirm conformance to specifications and to visually inspect

equipment, environmental conditions, materials, and workmanship.

Quality Control Technicians shall obtain at least one of the following

personnel certifications.

e NRMCA Concrete Exterior Finisher Certification
e ACI Concrete Flatwork Technician and Flatwork Finisher

Quality Control inspection report forms shall be completed by the
Contractor and submitted to the Department for review
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